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ALIGNMENT-MARK DETECTION METHODS AND DEVICES 
FOR CHARGED-P ARTICLE-BEAM MICROLITHOGRAPHY, 
AND MICROELECTRONIC-DEVICE MANUFACTURING 
METHODS COMPRISING SAME 

Field of the Invention 

This invention pertains to microlithography (projection-transfer of a pattern, 
defined on a reticle, to a suitable substrate). Microlithography is a key technology 
used in the manufacture of microelectronic devices such as integrated circuits, 
displays, and the like. More specifically, this invention pertains to aligning the 
reticle and substrate for accurate pattern transfer. 

Background of the Invention 

In charged-particle-beam (CPB) microlithography (i.e., microlithography 
performed using a charged particle beam such as an electron beam or ion beam), as 
in optical microlithography (i.e., microlithography performed using visible or 
ultraviolet light), obtaining accurate alignment between the reticle and the substrate 
is extremely important. Current microlithography apparatus include sophisticated 
devices for determining reticle-substrate alignment. In a CPB microlithography 
apparatus as currently available, these alignments involve impinging a charged 
particle beam on a mark on the substrate or substrate stage and detecting charged 
particles (e.g., electrons) backscattered from the mark. 

A conventional method and apparatus for detecting an alignment mark in 
CPB microlithography are shown in FIGS. 3(A)-3(C). FIG. 3(A) shows certain 
aspects of such an apparatus employing an electron beam EB; FIG. 3(B) depicts 
certain details of scanning an alignment mark on the substrate (wafer) using the 
electron beam EB; and FIG. 3(C) shows a typical backscattered-electron (BSE) 
signal waveform obtained by scanning the alignment mark in FIG. 3(B). 

The apparatus of FIG. 3(A) includes an electron-beam source (electron gun) 1 
that produces an electron beam EB propagating downstream of the electron gun 1 . 
The electron beam EB passes through an electron-optical system OS and irradiates a 
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silicon wafer or other suitable specimen 7. The wafer 7 is mounted on a wafer stage 
5. The wafer stage 5 is movable to allow exposure of the entire wafer 7 and to allow 
loading and unloading of the wafer 7 for exposure. 

The electron beam EB propagating toward the wafer 7 is deflected by a 
scanning deflector 3 located downstream of the electron-optical system OS. The 
scanning deflector 3 is connected to a deflector controller 4. The scanning deflector 
3 is controlled by the controller 4, which thus causes the electron beam EB to be 
scanned over the wafer 7 in two dimensions. 

Whenever the electron beam EB irradiates the wafer 7 in this manner, 
backscattered electrons are generated and propagate in an upstream direction from 
the upstream-facing surface of the wafer 7. The backscattered electrons are detected 
by a BSE detector 9. As the BSE detector 9 receives backscattered electrons, it 
produces a corresponding electrical "BSE signal" that is routed to a controller 10 via 
an interface 8. The interface 8 comprises an amplifier and an analog-to-digital (A/D) 
converter that convert the BSE signal from the BSE detector 9 into input data usable 
by the controller 10. The controller 10 comprises an arithmetic processor that 
calculates a position of the alignment mark 7a based on the input data. Thus, as the 
electron beam EB is scanned across the mark 7a on the wafer 7, changes in the BSE 
signal are monitored. 

Before the electron beam EB is incident on the wafer 7, the transverse profile 
of the beam is shaped by passage of the beam through a beam-shaping aperture (not 
shown) situated within the electron-optical system OS. Passage of the beam through 
the beam-shaping aperture trims the periphery of the beam to a desired size and 
shape before the beam is scanned over the alignment mark 7a. An exemplary 
alignment mark 7a is shown in FIG. 3(B), in which elements of the alignment mark 
7a are defined by corresponding channels 7b etched into the surface of the wafer 7. 
Ideally, whenever the electron beam EB scans the alignment mark 7a, the resulting 
BSE signal exhibits a distinctive waveform that corresponds to the elevational 
profile of the alignment mark 7a, as shown in FIG. 3(C). Due to the distinctiveness 
of the waveform formed by passing the beam over the mark 7a, it is possible to 
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detect the position of the alignment mark 7a from the obtained BSE signal 
waveform. 

As an alternative to defining elements of the alignment mark 7a by etched 
channels in the wafer surface, the elements of the alignment mark can be defined by 
5 forming corresponding regions of a patterned layer of a heavy metal (e.g., Ta or W) 
on the wafer surface. Regions of the layer of heavy metal exhibit a high level of 
electron backscattering relative to the wafer material. 

In the apparatus of FIG. 3(A), whenever the specimen 7 is a silicon wafer 
having well-defined crystal properties, the BSE signal waveform that is obtained 
10 includes components derived from the alignment mark 7a and from the crystal 

properties of the specimen 7 itself. These signals are detected simultaneously, and 
thus both contribute substantially to the BSE signal waveform. 

For example, if the electron beam incident on a crystalline silicon wafer 7 has 
an energy of approximately 100 keV, then changes in signal amplitude originating 
1 5 from the crystalline properties of the wafer material will be nearly equal to changes 
in the amplitude of the BSE signal from an alignment mark formed by channels in 
the wafer surface. The resulting lack of differentiation in the BSE signal produced 
by the alignment mark versus by the wafer surface causes a significant reduction in 
the accuracy with which the position of the alignment mark can be detected. 

20 

Summary of the Invention 

In view of the shortcomings of the prior art as summarized above, an object 
of the invention is to provide methods and apparatus that achieve more accurate 
detection of alignment-mark positions for charged-particle-beam (CPB) 

25 microlithography. 

To such end, and according to a first aspect of the invention, methods are 
provided for detecting, in the context of charged-particle-beam (CPB) 
microlithography of a specimen, a position of an alignment mark on the specimen. 
In a representative embodiment of such a method, a charged particle beam (e.g., 

30 electron beam or ion beam) is irradiated onto an area of the specimen lacking an 
alignment mark. Backscattered charged particles propagating from the irradiated 
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area are detected so as to obtain a first backscattered-particle signal. The first 
backscattered-particle signal can serve as a "background" signal. The charged 
particle beam also is irradiated onto the alignment mark. Backscattered charged 
particles propagating from the irradiated alignment mark are detected so as to obtain 
a second backscattered-particle signal. The first backscattered-particle signal is 
subtracted from the second backscattered-particle signal to obtain a difference signal. 
The alignment-mark position is determined from the difference signal. 

In this method, the background signal can be obtained by scanning the 
charged particle beam across a smooth planar region of a surface of the specimen. In 
a specimen made of a material (e.g., monocrystalline silicon) having a crystal- 
orientation plane, the first backscattered-particle signal can be obtained by scanning 
the charged particle beam across a smooth planar region of a surface of the specimen 
representing a crystal-orientation plane of the specimen. The subtraction of the first 
backscattered-particle signal from the second backscattered-particle signal removes 
data, concerning the crystal-orientation of the specimen, from the difference signal 
that otherwise would obfuscate data in the difference signal pertaining to the 
alignment mark. I.e., the difference signal in such an instance contains data 
regarding the configuration and other aspects of the alignment mark but not data 
concerning the crystal orientation of the specimen. 

If the specimen is monocrystalline, then a background signal will be the same 
from any smooth planar region of the specimen surface, and hence can be obtained 
conveniently from any such smooth planar region of the specimen surface. Data in 
the background signal can be stored for later recall when it is desired to remove the 
"noise" represented in the background signal from an alignment-mark detection 
signal. In addition, the amplitude of a backscattered-particle signal from a 
monocrystalline surface varies with changes in the angle of incidence of the beam on 
the surface. Subtracting the background signal removes this effect from the 
difference signal. 

According to another aspect of the invention, devices are provided for 
measuring an alignment of the substrate (in the context of a CPB microlithography 
apparatus including a CPB source that produces a charged particle beam, a CPB- 
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optical system through which the charged particle beam passes from the CPB source 
to a substrate, and a substrate stage on which the substrate is placed for exposure by 
the charged particle beam). A representative embodiment of the device includes a 
deflector situated and configured to deflect the charged particle beam to cause the 
5 beam to irradiate a predetermined location on the substrate mounted on the substrate 
stage, so as to cause the location to produce backscattered particles. The device also 
includes a backscattered-particle detector situated and configured to detect 
backscattered charged particles produced by the location on the substrate as the 
location is irradiated by the charged particle beam. The device also includes a 

10 controller connected to the deflector and the backscattered-particle detector. The 
controller is configured to: (1) energize the deflector in a manner causing the 
deflector to irradiate the beam on a first location on the substrate lacking an 
alignment mark, thereby producing a background backscattered-particle signal; (2) 
energize the deflector in a manner causing the deflector to irradiate the beam on a 

15 second location on the substrate in which an alignment mark is formed, thereby 

producing an alignment-mark backscattered-particle signal; (3) calculate a difference 
signal by subtracting the background signal from the alignment-mark signal; and (4) 
determine the position of the alignment mark from the difference signal. 

The present invention can be applied to any type of CPB microlithography, 

20 including (but not limited to) CPB direct writing, block exposure, and divided-reticle 
exposure (involving exposure of individual subfields and stitching of individual 
subfield images). 

The foregoing and additional features and advantages of the invention will be 
more readily apparent from the following detailed description, which proceeds with 
25 reference to the accompanying drawings. 

Brief Description of the Drawings 

FIGS. 1(A)- 1(C) are plots of exemplary backscattered-particle signal 
waveforms obtained in an alignment-mark-position detection method according to a 
30 representative embodiment of the invention. FIG. 1(A) is a backscattered-electron 
(BSE) signal waveform obtained when scanning an electron beam over an alignment 
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mark formed on a silicon substrate. FIG. (IB) is a BSE signal waveform obtained 
when an electron beam is scanned over a smoothly planar region (lacking an 
alignment mark) of the silicon substrate. FIG. 1(C) is a BSE signal waveform 
obtained by subtracting the waveform of FIG. 1(B) from the waveform of FIG. 1(A). 
5 FIGS. 2(A)-2(B) depict exemplary effects, on a backscattered-particle (e.g., 

BSE) signal, caused by crystalline properties of a monocrystalline silicon substrate. 
FIG. 2(A) depicts a representative electron channeling pattern of "Kikuchi bands" 
obtained by multiple scans of a 1 1 1 silicon substrate in two dimensions using an 
electron beam. FIG. 2(B) is an exemplary signal waveform obtained by scanning 
1 0 between points B-B of FIG. 2(A). 

FIG. 3(A) is an oblique schematic depiction of certain details of a 
conventional device, on a charged-particle-beam (CPB) microlithography apparatus, 
for scanning the charged particle beam over an alignment mark on a substrate. 

FIG. 3(B) is a schematic elevational view of an alignment mark being 
1 5 scanned by a charged particle beam. 

FIG. 3(C) is a representative BSE signal waveform obtained from the scan 
shown in FIG. 3(B). 

FIG. 4 is a process flowchart for manufacturing a microelectronic device, 
wherein the process includes a microlithography method according to the invention. 
20 FIG. 5 is a process flowchart of certain aspects of a microlithography method 

as used in the process of FIG. 4. 

Detailed Description 

The following discussion is in the context of an electron-beam 
25 microlithography apparatus. However, it will be understood that the principles 
described below can be applied with equal facility to use of other types of charged 
particle beams, such as an ion beam. 

FIGS. 1(A)- 1(C) depict exemplary respective backscattered-electron (BSE) 
signal waveforms obtained using a representative embodiment of an alignment-mark 
30 detection method according to the invention. FIG. 1(A) shows a BSE signal 

waveform obtained by scanning the electron beam over an alignment mark formed 
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on a silicon wafer. FIG. 1(B) shows a BSE signal waveform obtained by scanning 
the electron beam over a smooth surface of silicon that lacks an alignment mark. 
The signal waveform shown in FIG. 1(B) includes the effects of electron-beam 
channeling discussed below with respect to FIG. 2(B). FIG. 1(C) is obtained by 
subtracting the plot of FIG. 1(B) from the plot of FIG. 1(A). 

The specimen used to produce the signal waveforms of FIGS. 1(A)- 1(C) is a 
monocrystalline silicon wafer of which the upstream-facing surface has a lattice 
orientation of 1 1 1. An electron beam, incident on such a specimen, is scanned across 
the surface in a manner as shown in FIG. 3(A), in which the angle of incidence of the 
electron beam on the specimen exhibits a slight change with the amount of lateral 
deflection imparted to the beam by the deflector 3. As the electron beam is scanned 
across the surface, the BSE detector 9 produces a BSE signal that can be used to 
produce an "electron channeling pattern" (ECP). A representative ECP for 1 1 1 
silicon is shown in FIG. 2(A). The BSE signal amplitude for a scan along the line 
B-B is shown in FIG. 2(B). 

More specifically, FIG. 2(A) shows an exemplary profile or map of "Kikuchi 
bands" 12 produced by scanning a 1 1 1 surface of silicon with an electron beam. The 
scanning is performed over coordinates in the X- and Y-directions. Along each thick 
line 12 in FIG. 2(A), the BSE signal is reduced, compared to other regions, as a 
result of interactions of the incident electrons with atoms of the crystalline surface. 
In FIG. 2(A), the abscissa (horizontal axis) is the X-direction deflection output (to 
the beam) and the ordinate (vertical axis) is the Y-direction deflection output to the 
beam. Thus, FIG. 2(A) indicates a map of results of respective summed deflections 
of the beam in the X-direction and in the Y-direction. A representative BSE signal 
detected by a BSE detector, of an electron beam scanned along the line B-B of 
FIG. 2(A), is shown in FIG. 2(B). Hence, as shown in FIG. 2(A), the BSE signal is 
weaker at certain direct relationships between the X-direction deflection output and 
the Y-direction deflection output. The Kikuchi lines 12 connecting these points are 
arranged in a characteristic pattern for 1 1 1 silicon. 

FIG. 2(B) is an example BSE signal waveform obtained by scanning the 
beam in one dimension between the points B-B of FIG. 2(A). FIG. 2(B) shows the 
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characteristic drop of BSE signal amplitude as the scanned beam crosses the Kikuchi 
lines 12. As noted above, the waveform of FIG. 2(B) exhibits a characteristic change 
in amplitude corresponding to certain angles of incidence of the electron beam in the 
X-Y plane. The particular BSE signal waveform shown in FIG. 2(B) reflects 
5 characteristics of the crystal lattice of the specimen being scanned. Patterns that are 
similar are obtained from specimens having identical crystal orientations. 

The BSE signal waveform originating from the crystal properties of the 
specimen can be removed from the signal. For example, a BSE signal waveform 
such as that of FIG. 1(B) is obtained and stored in a memory. The FIG.- 1(B) 

1 0 waveform reflects the crystalline properties of the specimen as manifest on a smooth 
plane thereof on which the monocrystalline silicon has identical crystalline 
properties. The FIG.- 1(B) waveform is subtracted from the BSE signal waveform of 
FIG. 1(A) obtained from the alignment mark. The resulting signal, shown in 
FIG. 1(C), is representative of a signal having a waveform arising only from 

15 characteristics of the alignment mark, without obfuscating influences of the material 
on which the alignment mark is located. Furthermore, when obtaining the 
waveforms of FIGS. 1(A) and 1(B), the scanning conditions of the electron beam and 
the inclination of the specimen relative to the electron beam must be the same. 
Whenever a resist is coated onto a surface of a silicon substrate, the 

20 amplitude of the BSE signal waveform originating from the crystalline properties of 
the specimen decreases but does not decrease entirely to zero. Therefore, methods 
according to the invention as described above are effective for improving the 
detection accuracy of the alignment mark position. 

Methods for detecting alignment-mark positions, as described above, can be 

25 executed automatically via commands from the controller 10 of the apparatus shown 
in FIG. 3(A). 

FIG. 4 is a flowchart of an exemplary semiconductor-device fabrication 
method to which apparatus and methods, according to the invention, for performing 
a microlithographic exposure including detection of alignment-mark positions 
30 readily can be applied. The fabrication method generally comprises the main steps 
of wafer production (wafer fabrication), reticle production (reticle preparation) for 



DLS:dm 4641-55447 



Express Mail No. EL640903084US 

- 9- 



use in microlithography of the wafer, wafer processing, device assembly (including 
chip dicing and making each chip functional), and chip inspection. Each step usually 
comprises several sub-steps. 

Among the main steps, wafer processing is key to achieving the smallest 
5 feature sizes (critical dimensions) and best inter-layer registration. In the wafer- 
processing step, multiple circuit patterns (such as for memories and/or CPUs) are 
layered successively atop one another on the wafer, wherein the formation of each 
layer typically involves multiple sub-steps. Usually, many operative semiconductor 
devices are produced on each wafer. 

10 Typical wafer-processing steps include: (1) thin-film formation (by, e.g., 

CVD or sputtering) to form a dielectric layer for electrical insulation or a metal layer 
for connecting wires or forming electrodes; (2) oxidation the thin film or substrate 
surface; (3) microlithography to form a resist pattern for selective processing of the 
thin film or the substrate itself; (4) etching or analogous step (e.g., anisotropic dry 

15 etching) to etch the thin film or substrate according to the resist pattern; (5) doping 
or other implantation step as required to implant ions or other impurities into the thin 
film or wafer; (6) resist stripping to remove the resist from the wafer; and (7) chip 
inspection. Wafer processing is repeated as required (typically many times) to 
fabricate the desired semiconductor chips on the wafer. 

20 FIG. 5 provides a flowchart of typical steps performed in microlithography, 

which is a principal step in wafer processing. The microlithography step typically 
includes: (1) resist-coating step, wherein a suitable resist is coated on the wafer 
substrate (which can include a circuit element formed in a previous wafer-processing 
step); (2) exposure step, to expose the resist with the desired pattern; (3) 

25 development step, to develop the exposed resist; and (4) optional annealing step, to 
stabilized or enhance the durability of the resist pattern. 

Use of the alignment-mark-position detection method described above results 
in a microlithography process having improved accuracy, especially 
microlithography processes directed to achieving very fine linewidths. This is 

30 because methods according to the invention provide greater accuracy in alignment- 
mark detection. Greater detection accuracy is achieved especially whenever the 
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subject alignment mark is present on a substrate having pronounced crystalline 
properties, such as monocrystalline silicon, and the mark is being scanned with a 
beam having a relatively high energy level such as 100 keV. 

Whereas the invention has been described in connection with a representative 
embodiment, it will be understood that the invention is not limited to that 
embodiment. On the contrary, the invention is intended to encompass all 
modifications, alternatives, and equivalents as may be included within the spirit and 
scope of the invention, as defined by the appended claims. 
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What is claimed is: 



1 . In a method for performing charged-particle-beam (CPB) 
microlithography of a specimen, a method for detecting a position of an alignment 

5 mark on the specimen, comprising: 

(a) irradiating a charged particle beam onto an area of the specimen lacking 
an alignment mark, and detecting backscattered charged particles propagating from 
the irradiated area, so as to obtain a first backscattered-particle signal; 

(b) irradiating the charged particle beam onto the alignment mark, and 

10 detecting backscattered charged particles propagating from the irradiated alignment 
mark, so as to obtain a second backscattered-particle signal; 

(c) subtracting the first backscattered-particle signal from the second 
backscattered-particle signal to obtain a difference signal; and 

(d) determining the alignment-mark position from the difference signal. 

15 

2. The method of claim 1, wherein step (a) is performed by scanning the 
charged particle beam across a smooth planar region of a surface of the specimen. 



3. The method of claim 1, further comprising the steps of: 
20 storing data in the first backscattered-particle signal in a memory; and 

recalling the stored data from the memory and subtracting the recalled data 
from the second backscattered-particle signal to obtain the difference signal. 



4. The method of claim 1, wherein: 
25 the specimen has a crystal-orientation plane; 

the first backscattered-particle signal is obtained by scanning the charged 
particle beam across a smooth planar region of a surface of the specimen 
representing a crystal-orientation plane of the specimen; and 

in step (c), the subtraction of the first backscattered-particle signal from the 
30 second backscattered-particle signal removes data, concerning the crystal-orientation 



DLS:dm 4641-55447 



Express Mail No. EL640903084US 

- 12- 



of the substrate, from the difference signal that otherwise would obfuscate data in the 
difference signal pertaining to the alignment mark. 

5 . The method of claim 4, wherein: 

5 the first backscattered-particle signal is further obtained by changing an angle 

of incidence of the charged particle beam as the beam is scanned across the smooth 
planar region of the surface; and 

a waveform of the first backscattered-particle signal exhibits a change in 
amplitude with corresponding changes in the angle of incidence. 

10 

6. In a charged-particle-beam (CPB) microlithography apparatus 
including a CPB source that produces a charged particle beam, a CPB-optical system 
through which the charged particle beam passes from the CPB source to a substrate, 
and a substrate stage on which the substrate is placed for exposure by the charged 

1 5 particle beam, a device for measuring an alignment of the substrate, the device 
comprising: 

a deflector situated and configured to deflect the charged particle beam to 
cause the beam to irradiate a predetermined location on the substrate mounted on the 
substrate stage, so as to cause the location to produce backscattered particles; 

20 a backscattered-particle detector situated and configured to detect 

backscattered charged particles produced by the location on the substrate as the 
location is irradiated by the charged particle beam; 

a controller connected to the deflector and the backscattered-particle detector, 
the controller being configured to (i) energize the deflector in a manner causing the 

25 deflector to irradiate the beam on a first location on the substrate lacking an 

alignment mark, thereby producing a background backscattered-particle signal; (ii) 
energize the deflector in a manner causing the deflector to irradiate the beam on a 
second location on the substrate in which an alignment mark is formed, thereby 
producing an alignment-mark backscattered-particle signal; (iii) calculate a 

30 difference signal by subtracting the background signal from the alignment-mark 
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signal; and (iv) determine the position of the alignment mark from the difference 
signal. 

7. A CPB microlithography apparatus, comprising a device for 
5 measuring substrate alignment as recited in claim 6. 

8. A method for performing charged-particle-beam (CPB) 
microlithography of a specimen, comprising: 

mounting the specimen on a substrate stage; 
1 0 detecting a position of an alignment mark on the specimen using a method as 

recited in claim 1 ; and 

microlithographically exposing a pattern onto the substrate. 

9. A microelectronic-device fabrication process, comprising the steps: 
15 (a) preparing a wafer specimen; 

(b) processing the wafer specimen; 

(c) assembling devices formed on the wafer specimen during steps (a) and 
(b), wherein step (b) comprises a method for performing CPB microlithography as 
recited in claim 8. 

20 

10. A microelectronic-device fabrication process, comprising the steps: 

(a) preparing a wafer substrate; 

(b) processing the wafer substrate; 

(c) assembling devices formed on the wafer substrate during steps (a) and 
25 (b), wherein step (b) comprises the steps of (i) applying a resist to the wafer 

substrate; (ii) microlithographically exposing the resist; and (iii) developing the 
resist; and step (ii) comprises providing a CPB microlithography apparatus as recited 
in claim 7; and using the CPB microlithography apparatus to expose the resist with a 
pattern. 

30 
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11. A microelectronic device, produced using a method as recited in 
claim 10. 

12. A microelectronic device, produced using a method as recited in 
claim 9. 
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ALIGNMENT-MARK DETECTION METHODS AND DEVICES 
FOR CHARGED-P ARTICLE-BEAM MICROLITHOGRAPHY, 
AND MICROELECTRONIC-DEVICE MANUFACTURING 
METHODS COMPRISING SAME 

5 

Abstract of the Disclosure 

Methods and devices are provided that achieve accurate detection of the 
positions of alignment marks on wafer substrates and other specimens as used in 
charged-particle-beam (CPB) microlithography. A charged particle beam (e.g., 

10 electron beam) is irradiated onto an area, of a specimen, lacking an alignment mark 
to obtain a first backscattered-particle signal regarded as "background." The beam is 
irradiated onto an area, of the specimen, where an alignment mark is present to 
obtain a second backscattered-particle signal. The difference of the first signal from 
the second signal is determined to produce a difference signal containing data 

1 5 concerning only aspects of the alignment mark and not of the background. The 
methods are especially useful whenever the specimen has crystalline properties that 
otherwise could affect the backscattered-particle signal. 
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Attorney's Ref, No. / fflB±fS&fR&^r 4641-55447/PLS 



Declaration and Power of Attorney 
for Patent Application 

Japanese Language Declaration 



As a below named inventor, I hereby declare that; 

My residence, post office address mid 
citizenship are as stated below next to my name. 
I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor 
(tf plural names are listed below) of the subject matter which 
is claimed and for which a patent is sought on the invention 
entitled: 



ALIGNMENT-MARK DETECTION ME THODS AND DEVICES FOR CHARGED- PARTICLE-BEAM 

MICROLrmOGRAPHV AND MICROELECTRONlC-DEVlCE MANUFACTURING METHODS COMPRISING SAME 



is '^}:^Mt^» 0 

O *p p} Biz 

5lta»»«f3r««BR (37 CFR) § 1.56 7*CPje« 

^kawmttHi(?s usq s 119 



the specification of which 
(check one) 

tSI is attached hereto. 

□ was filed on as 

Application Serial No. 



and was amended on . 

(if applicable) 

I hereby state that T have reviewed and 
understand the contents Of the above-identified 
specification, including the claims, as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information 
which is material to patentability as denned in Title 37, Code 
of Federal Regulations, § 136. 

I hereby claim foreign priority benefits under Tide 
35 T Uniied States Code, $119 of any foreign application^) 
for patent ox inventor's certificate listed below and/or any 
U.S. provisional application^) listed below and have also 
identified below any foreign application for patent or inven- 
tor's certificate having a filing date before that of the applica- 
tion on whieh priority is claimed: 
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Attorney's Ref. No. / #»±Jfl#J8i#* 4641-55447/DLS 



Prior foreign and/or provisional applications 



11-257003 



(Number/ 



(NuflberfV*) 



(Number/ #-^) 



Japan 



(Country/ S) 



(Country/ IS ) 



(Country/ @ ) 



10 September 1999 



Priority claimed 



(Day/MotithTyear Filed/ & I £ /^ttHK) (Yea/ Bt/> ) (No/ ) 

□ □ 



(Day/Mondi/Year Filed/ H / £ /^fflffi) (Yes/ ttlf> ) (No/ ) 



□ 



□ 



{&ay/Month/Ycarr1kd/ B / /^fcB® ) (Yes/ B^ ) (No/ V>v>*. ) 



(Country/ S ) 



(Day/Month/Year Filed/ B / M /^fflffi) (Yes/ ttt* ) (No/ ) 



(Number/ 



(Country/ 9 ) 



(D*y/MoiuWear Filed/ B / J3 / ^tHffi ) (Yes/ tt v> ) (No/ W> * ) 



SB 35 3g S 120 KlX^tT, TffiO 
«<DI**jP6iltattftfe § 112, fttHEC 

fcB i^rBKtfiABOHCR£U^aSttm«ll^t' 



I hereby claim the benefit under Ti He 35, United States 
Code, § 120 of any United States applications) listed below 
and, insofar as the subject matter of each of the claims of this 
application iff not disclosed in the prior United States applica- 
tion in the manner provided by the firet paragraph of Title 35» 
United States Code, § 1 12, J acknowledge the duty to disclose 
material infonrtatiori as denned in Title 37, Code of Federal 
Regulations, § 1.S6 which occurred between the filing date of 
the prior application and the national or PCT International fil- 
ing date of this application: 



(Application Serial NoV 



(Filing Date/ WMU) 



(Status: Patented, Pending, Abandoned/ 



(Application Serial No./ tHBSli£'^) 



(Filing Date/ 



(Status: Patented, Pending, Abandoned/ 



I hereby declare that all statements made herein of 
my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
tttat these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of 
Title 1 8 of the United States Code and that such willful 
false statements may jeopardize the validity of the applica- 
tion or any patent issued thereon. 

POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prose- 
cute this application and to transact all business in the 
Patent and Trademark Office connected therewith (list 
name and registration number): 
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Name / 


Res. No / 






BECKER. Mark L 


31,325 






CALDWBLL, Lisa M. 


41,653 


PETERSEN David V 


2H 106 


DeCRANDIS* Paula A. 


43,281 


POLLEY, Richard J. 


28.107 


GEORGE, Samuel B, 


44,119 


RJNBHART, Kyle B. 


P-47,027 


GIRARD, Michael P. 


38,467 


SCOTTI, Robert F- 


39,83a 


HARDING, Tanya M 


42,630 


SIEGHL, Susan Alpert 


43,121 


JAKUBEK, Joseph T. 


34,190 


SLATER, Stacey C. 


36,011 


JOmS, Miclieel D. 


4l,S79 


STEPHENS JR., Donald L. 


34,022 


KLARQUIST, Kenneth S. 


16,445 


STUART, John W. 


24,540 


KLITZKEII, Ramon A. 


30,188 


VAM>ENBERG,JohnD. 


31.312 


LEIGH, James S. 


20,434 


WHINS1PN, Arthur L. 


19 T J 55 


MAURBR, Gregory L- 


43,781 


WIGHT, Stephen A. 


37,759 


NOOrtAN, William D. 


30.S78 


WINN, Garth A, 


33,220 



Send Correspondence To/ 3&(&$fc : KLARQX3IST SPARKMAN CAMPBELL LEIGH & WMNSTQN. LLP 

One World Trade Centex, Suite 1600 

121 S W. Salmon Street 

Portland, OR 97204-2988 
USA 



Direct Telephone Calls to (name and telephone Donald L. Stephens Jr. 

number)/ |S3«3£ ( * ^ £«g«>S5 ) : (503) 22^7391 



Full Name of Sole or First Inventor/ i*£& £ 1 5S58#<&r£& 

NORIYUKI HIRAYAMAG! 



Inventor's Signature/Si#i^<E>S£ Date/ H ft 

isidenoe/'jgm 7 



Residence/ gf?f 
KawasaRt-shf, Kanagawaffen, Jap^n 



Citizenship/ 
Japan 



Post Office Address/ Sfil&rSf 
c/o Nikon Corporation (Intellectual Properly Headquarters) Fm Bldg, 2-3, Mamnouchi 3-chome, Chiyoda-ku Tokyo 100 Japan 



Full Name of Second Joint Inventor (if any)/ ^ 2 &ffl$t ( §^Et" ) CDE;£ 



Inventor 1 ? Signature/^ ?g#<£ Date/ B ft 



Residence/ MWt 



Citizensbip/ ©IS 



Post Office Address/ 00!ftr?T 



Supply similar information and aignaJore for third md subsequent joint inventors. 

m3 KmRm#&mz^x%mte<oftm£#%&mmr zct* 
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